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Anthropology

A Comprehensive Forensic Case Report for the University of Montana Forensic
Collection Case #141
Chairperson: Dr. Randall R. Skelton
In order to satisfy the requirements for the Master of Arts (MA) degree in
Forensic Anthropology, this professional project will examine the human skeletal
remains of UMFC Case #141. This professional paper consists of the various and diverse
range of forensic methods employed in order to gain insight into the biological profile of
the individual such as age, sex, ancestry, stature, trauma and pathology, in addition to a
skeletal inventory of the skeletal remains and an assessment of the minimum number of
individuals (MNI) represented in this case.
The human skeletal remains of UMFC Case #141 are consistent with that of an
adult male of probable Asian ancestry, with a likely stature between 4 foot 4 inches and 5
foot 3 inches and an overall age range estimation of 30 to 50 years at the time of death.
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Background
In the spring of 2006, the department of Anthropology at the University of Montana
purchased the skeletal remains for UMFC Case #141 from Skulls International Unlimited. Since
the purchase, the remains have been curated in the University of Montana Forensic Collection
(UMFC). Time since death for this individual is unknown. No other information was provided to
the department about the individual, except that the remains had been imported from the Peoples
Republic of China. Additionally, the time since death for this individual is unknown.

Introduction
On May 1, 2019, a box containing human remains from the University of Montana
Physical Laboratory was assigned to Forensic Anthropology Masters Student Nohely González,
BA. Analyses on these remains were employed for the purpose of satisfying the requirements for
the Master of Arts (M.A.) degree in Forensic Anthropology through the completion of a
professional project. Forensic analyses began on July 9, 2019 through July 31, 2019. The skeletal
remains for UMFC Case #141 are stored in the Osteology closet of the Physical Anthropology
Laboratory and are only accessible to individuals with the passcode to the closet door. Such
individuals are primarily Anthropology faculty and graduate students. All remains will be
returned to the University of Montana Physical Anthropology Laboratory upon completion of
analyses and delivery of this report.
This professional project consists of a comprehensive forensic case report for UMFC
Case #141. This report consists of an inventory of the skeletal remains, assessment of the
minimum number of individuals (MNI), a biological profile and a literature review on the
identification of antemortem trauma of human skeletal remains in forensic contexts.
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This professional project will demonstrate the knowledge and skills obtained to carry out
a series of forensic assessments and analyses as those produced by professionals in the field of
forensic anthropology. So as to successfully complete a thorough and extensive forensic and
skeletal analysis, a substantial and diverse range of forensic methods were employed with the
intention of reaching a comprehensive and well-rounded conclusion.

Skeletal Inventory
The remains for UMFC Case #141 consist of completely skeletonized cranial and post
cranial elements. The human skeletal remains are nearly complete, with only four missing
elements. Missing elements include the hyoid, coccyx and two intermediate foot phalanges.
Skeletal elements present for UMFC Case #141 comprise of a complete cranium, a mandible, all
dentition, including the third molars, a chipped tooth fragment in a plastic bag, a sternum, a
manubrium, 7 cervical vertebrae, 12 thoracic vertebrae, 5 lumbar vertebrae, a total of 24 ribs
including 12 left and 12 right ribs, in addition to a sacrum. Furthermore, the left and right os
coxae, clavicles, scapulae, humeri, ulnae, radii, femora, tibae, fibulae, and patellae are present.
Moreover, a total of 16 carpals, 10 metacarpals, 28 hand phalanges including 10 proximal, 8
intermediate and 10 distal are exhibited. Likewise, a total of 14 tarsals, 10 metatarsals, 16 foot
phalanges including 10 proximal, 6 intermediate and 10 distal are presented within the skeletal
remains. Lastly, non-skeletal inventory associated with the case consist two golden door keys in
a plastic bag. All skeletal elements are in relatively good condition, however, antemortem trauma
in addition to postmortem trauma of varying degree are exhibited across all cranial and post
cranial elements.
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Literature Review: Identifying Antemortem Trauma in Human Skeletal Remains
In medicolegal and forensic contexts, the identification of trauma and the determination
of when it occurred is a crucial component of the investigation. The primary types of trauma are
known as antemortem (before death), perimortem (at or near the time of death), and postmortem
(after death) (Passalacqua and Rainwater, 2015). Each of these trauma categories can be
identified by the different traces left on the skeleton (Passalacqua and Rainwater, 2015).
Identifying and distinguishing the classes of trauma has important implications in aiding a
medical examiner for a forensic case such as to establish a cause, manner or mechanism of death.
However, not all skeletal trauma is associated with the individual’s death (Passalacqua and
Rainwater, 2015). Thus, recognizing distinctive forms of trauma afflicted during life can provide
further insight into who the individual may have been. This, in combination with the biological
profile, has the ability for law enforcement officials to narrow the search criteria for the deceased
individual, particularly if medical records exist for comparison.

Application to UMFC Case #141
The skeletal remains for UMFC Case #141 exhibited evidence of trauma throughout a
large degree of skeletal elements. In order to assess trauma accurately, differentiation of the
trauma classes was required. Careful analyses of each skeletal element presenting indications of
trauma took place. Upon completion, it was determined that antemortem trauma for this
individual included healed fractures to the tibiae and fibulae and healed fractures to the eighth
through tenth right ribs. The remaining trauma was classified as postmortem, as it showed
indications of taphonomic processes. Postmortem trauma affected the skull, dentition, the right
and left os coxae, left scapula, in addition to a series of left-sided ribs.
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Identifying Fractures
In trauma analyses, the proper description of a lesion functions to establish the
mechanism of injury (Lovell and Grauer, 2019). First, the classification of the injury type is
necessary in order to assess the damage. Trauma in the form of fracturing, exhibits differential
patterns that may reveal evidence as to how the particular breakage occurred (Lovell and Grauer,
2019). Direct and indirect trauma affects bones in distinctive ways and will influence the types of
fracture patterns observed on the bone (Lovell and Grauer, 2019).
Fracturing patterns are specific to the type and degree of force placed on the bone (Mann
and Hunt, 2005; Lovell and Grauer, 2019). Direct trauma is characterized by a break at the
location of impact and can result in various classes of breaks including transverse, penetrating,
comminuted or crush fractures (Lovell and Grauer, 2019). Indirect trauma is distinguished as a
break occurring outside of the site of impact and can give rise to a series of fracture types
including spiral, oblique, torus, and avulsion (Lovell and Grauer, 2019). Additionally, fractures
can vary in degree of fragmentation, the location of the break and whether the bone fragments
remain properly in place or become misaligned (Mann and Hunt, 2005; Lovell and Grauer,
2019).
The individual for UMFC Case #141 endured fractures to the midshafts of the left and
right tibiae and fibulae (Photo 1 and Photo 2). Due to the pattern of the fractures, it is suspected
that the individual suffered from oblique fractures to all lower limbs. An oblique fracture is the
result of either a bending force or from direct impact, causing the bone to break diagonally
(Lovell and Grauer, 2019). Furthermore, the healed fractures suggest that the individual also
experienced displaced fractures, which caused their misalignment. A displaced fracture results
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when bone fragments from bone breakage shift outside of proper placement and the broken ends
override or become misaligned (Mann and Hunt, 2005).
Trauma consisting of healed fractures were detected on the eighth through tenth right
sided ribs (Photo 3). According to the American Association for the Surgery of Trauma, the most
common ribs to experience fractures are the seventh through tenth ribs (Serfin and Guo, 2019).
Additionally, blunt force trauma, the exertion of direct pressure on bone, has been recognized as
one of the most common mechanisms for rib injuries and fractures (Serfin and Guo, 2019). Rib
fractures can pose a serious threat for an individual, affecting breathing and causing a series of
respiratory issues and in more severe cases, rib fractures could be life threatening as they could
potentially puncture a lung (Serfin and Guo, 2019). Depending on the seriousness of the
fractures, treatment for rib fractures can usually resolve themselves without further medical
intervention (Serfin and Guo, 2019).

Identifying Evidence of Healing
The healing process begins almost immediately after bone breakage (Lovell and Grauer,
2019). However, healing will vary contingent on the affected bone, the type of fracture, and the
age and health of the individual at the time of injury (Lovell and Grauer, 2019). Perimortem and
postmortem trauma will not show indications of the healing process, thus evidence of healing
makes the identification of antemortem trauma possible.
The fractures observed on the tibiae, fibulae, and the eighth through tenth right ribs were
determined to have occurred before death as they demonstrated evidence of healing. The tibiae
and fibulae presented signs of periostitis, the inflammation of the periosteal connective tissue
surrounding the bone (Photo 4 and Photo 5) (McKibbin, 1978; Mann and Hunt, 2005; Brickley,
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2018). The nature and pattern of the periostitis suggests that it was likely still active and had not
yet completely healed at the time of death. Causes for periostitis range from direct impact on the
bone to infectious activity (Mann and Hunt, 2005). In active periostitis, differences in elevation,
texture such as striation, and color are noticeable from the surrounding bone (Ortner, 2003;
Mann and Hunt, 2005). In healed cases of periostitis, the edges of the condition are less apparent
and are easily camouflaged with the adjacent bone (Mann and Hunt, 2005).
However, complications can arise in the healing process and those incidences may also
leave traces on the skeleton (Lovell and Grauer, 2019). Examples of such obstacles include
infection, vascular and nerve damage, hematoma ossification, arthritis, as well as the nonunion
or malunion of fractures (Lovell and Grauer, 2019). In the case of this individual, the tibiae and
fibulae fractures caused the bones to move from their proper alignment and thus resulted in their
malunion. Malunion occurs when a fracture heals leaving behind a deformity in the bone that
causes any of the following: shortening, lengthening, angular, horizontal or rotational
displacement (Lovell and Grauer, 2019). Shortening is observed on the lower limbs, which could
have caused weight-bearing problems to the individual during life (Lovell and Grauer, 2019).
The duration for the initial signs of periosteal remodeling to be observed on the skeleton
is highly debated (Mann and Hunt, 2005). Yet, some researchers suggest that callus formation
can be visible in bone material in as early as nine or ten days (McKibbin, 1978; Mann and Hunt,
2005). However, rates of healing will vary per individual, reflecting their age and health status at
the time of injury, as well as the nature and location of the trauma (Lovell and Grauer, 2019).
The trauma and the subsequent healing process alike, will leave behind unique evidence that may
prove useful in the search for the identity of the deceased, particularly if medical records exist
and comparisons can be performed.
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Materials and Methods
Age Estimation
Estimations for age at the time of death were composed from a series of different
methods looking at a wide range of cranial and post cranial elements. Such methods included
cranial suture closures (Buikstra and Ubelaker, 1994), dental development (Ubelaker, 1989;
Bass, 2005) and attrition (Lovejoy et al., 1985; Li and Ji, 1995), pubic symphysis (Todd, 1920;
Suchey-Brooks, 1979), auricular surface (Lovejoy et al., 1985; Buckberry and Chamberlain,
2002), and sternal rib end analyses (Işcan and Loth 1986; Dudar, 1993).

Sex Estimation
Sex estimations were assessed using cranial features (Buikstra and Ubelaker, 1994),
morphometric skull assessments (Walker, 2008), pelvic assessments (Phenice, 1969; Klales et
al., 2012) and cranial and post cranial measurements using FORDISC 2.0 software (Jantz and &
Ousley, 2005). In conjunction, these methods were used to provide a holistic and comprehensive
estimation of sex for the individual. Lastly, scapula (Dwight, 1984) and sternum (Jit et al., 1980)
measurement analyses were conducted in order to assess sex.

Ancestry
Estimations for ancestry were performed through the use of non-metric ancestry traits
(Gill, 1986; 1995; Rhine, 1990; Hefner, 2009) for the crania. Additionally, cranial measurements
and FORDISC 2.0 software (Jantz and & Ousley, 2005) were employed for the evaluation of
specific cranial features in order to attain an ancestry estimation.
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Stature
Stature estimations were conducted using the Trotter (1970) method using several long
bones including the humerus, radius, ulna, and femur for East Asian males. In addition, the
Duyar et al. (2005) method for stature estimation using a regression formula for short individuals
was applied on the skeletal remains. Lastly, stature estimations were not conducted with
FORDISC 2.0 software as the only population options for males were white and black.

Trauma and Pathology
Analyses on trauma and pathology were guided using the Biological Anthropology of the
Human Skeleton (M. Anne Katzenberg and Anne L. Grauer, 2018) and sources such as the
Identification of Pathological Conditions in Human Skeletal Remains (Ortner, 2003) and the
Photographic Regional Atlas of Bone Disease (Mann and Hunt, 2005).

Age Estimation
Cranial Suture Closure Analyses
Cranial suture closures are used as an age estimation method as they tend to obliterate
with increasing age (Buikstra and Ubelaker, 1994). However, these features are extremely
variable and are often considered as unreliable (Priya, 2017). Nevertheless, cranial suture closure
analyses were still employed on this individual in conjunction to various other methods to
evaluate age, as it remains a conventional method of forensic evaluation, per Standards (Buikstra
and Ubelaker, 1994). The assessment of age using cranial sutures was conducted by means of
taking the 17 cranial scores listed in Standards , followed by the composite scores for both the
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vault and the lateral-anterior site measurements, thus producing an age estimation for the
individual (Meindl and Lovejoy, 1985; Buikstra and Ubelaker, 1994).
Vault sites scores included those for the midlambdoid (Score 2), lambda (Score 2),
obelion (Score 2), anterior sagittal (Score 1) and bregma (Score 3) sutures. The composite score
for the vault sites was 10 with a given “S” designation of 27 to 44 years (Table 1) (Meindl and
Lovejoy, 1985; Buikstra and Ubelaker, 1994).
The lateral-anterior sites scores included those for the pterion (Score 2), midcoronal
(Score 2), sphenofrontal (Score 2), inferior sphenotemporal (Score 2) and superior
sphenotemporal (Score 1) sutures. The composite score for the lateral-anterior sites was 9 with a
given “S” designation of 40 to 60+ years (Table 1) (Meindl and Lovejoy, 1985; Buikstra and
Ubelaker, 1994).

Table 1: Vault and Lateral-Anterior Sites and Composite Score Results per Standards (1994)
Vault Sites

Score

Midlambdoid
Lambda
Obelion
Anterior Sagittal
Bregma

Lateral-Anterior Sites

2
2
2
1
3

Vault Composite Score:
10
S Phase:
S3
Estimated Age Range: ~27 - 44
Median Age:
39

Pterion
Midcoronal
Sphenotemporal
Inferior Sphenotemporal
Superior Sphenotemporal

Score
2
2
2
2
1

Lateral-Anterior Composite Score:
9
S Phase:
S6
Estimated Age Range: ~39 - 60+
Median Age:
52

Estimation: Probable Middle Adult (35 – 50 Years)

The results for the cranial suture closure analyses placed the individual as a middle adult
with an estimated age range between 35 to 50 years (Table 1). However, because this method is
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known to be extremely imprecise, it should be used in addition to the analysis of other attributes
in order to determine a more confident estimation for age at the time of death.

Dentition
Evaluating the presence or absence of either deciduous or permanent dentition is used to
establish whether the individual is a juvenile or an adult. Further, dental development and
attrition were assessed to estimate age using the Lovejoy et al. (1985) method. Due to the fact
that dental attrition patterns are population dependent, an additional method for northeast
Chinese populations was also applied (Li and Ji, 1995). In addition, the location and extent of
wear is determinant of the individual’s probable age at the time of death.
Dental analysis established that the individual is an adult, as all permanent dentition is
present, including the third molars. Examination demonstrated that the third molars are fully
erupted, placing the individual at the very least, 21 years of age (Ubelaker, 1989; Bass, 2005).
Further, dental attrition analyses assisted in further age estimations. The Lovejoy et al.
(1985) method was utilized to examine wear for both the maxillary and mandibular dentition.
Tooth wear patterns for the maxillary dentition placed the individual within the H category, with
an associated age estimation of 40 to 50 years of age (Lovejoy et al., 1985). Moreover, dental
attrition on the mandibular dentition placed the individual between the H (40-45) and I (45-55)
groups, with an overall age range estimation of 40 to 55 years of age (Lovejoy et al., 1985).
However, it is important to consider that this method is based on the North American Libben
population and may provide some insight on the age of the individual as North Americans and
Asian populations do share some similarities.
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Nevertheless, the utilization of the Li and Ji (1995) regression equation method based on
the first and second permanent molars of a northeast Chinese population was employed to gain a
more population specific age estimation for this individual. For this method, dental carries were
not considered by the authors, and were not assessed for this individual. Therefore, the
regression equations were only conducted using the left maxillary molars and the right
mandibular molars. Molar attrition on the left maxillary molars placed the individual between 49
and 56 years of age (Table 2). However, dental attrition on the right mandibular molars were less
severe and estimated the individual to be between 31 and 39 years of age (Table 2). Overall, the
estimated age range for this individual per this method was 31 to 56 years of age.

Table 2: Dental Attrition Results per the Li and Ji (1995) Method
Left Maxillary Molars
Y = 12.23 + 4.11 (M₁) + 2.75 (M₂) ± 3.65
Y = 12.23 + 4.11 (5.25) + 2.75 (6.75) ± 3.65
Y = 12.23 + 21.5775 + 18.5625 ± 3.65
Y = 33.9075 + 18.5625 ± 3.65
Y = 52.47 ± 3.65
Y = 48.82 – 56.12
Right Mandibular Molars
Y = 13.63 + 3.98 (M₁) + 2.83 (M₂) ± 3.56
Y = 13.63 + 3.98 (3.25) + 2.83 (3) ± 3.56
Y = 13.63 + 12.935 + 8.49 ± 3.56
Y = 26.565 + 8.49 ± 3.56
Y = 35.055 ± 3.56
Y = 31.49 – 38.615
Estimation: Adult 31 – 56 Years
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Pelvis
Age at the time of death estimations using the pelvis have been claimed to be more
accurate in comparison to other available methods (Bass, 2005). Common pelvic assessments
include the analyses of the pubic symphysis and the auricular surface.
Analysis of the pubic symphysis using the Todd (1920) method is considered a standard
(Buikstra and Ubelaker, 1994), and was therefore employed in order to estimate age at the time
of death for this individual. The topography of the symphysial surface changes with an increase
in age. Such changes are characterized in ten distinct phase groups, with associated age range
estimations (Todd, 1920). However, age estimation based on the pubic symphysis of individuals
beyond the age of 40, is considered slightly less reliable as the later phase group categories
become less accurate. Results for the pelvic assessment per the Todd (1920) method placed the
individual within the 7th category, giving the individual an age range estimation between 35 and
39 years of age.
Another standard in data collection and analysis (Buikstra and Ubelaker, 1994), the
Suchey-Brooks (1979) method for evaluating the pubic symphysis was also utilized to develop
an age estimate. Similar to the Todd (1920) method, the Suchey-Brooks scoring system consists
of phases with associated descriptions and age estimations (Brooks and Suchey, 1979). Per the
Suchey-Brooks (1979) method, the individual fell within the 4th category, giving the individual
an age range estimation between 25 and 45 years of age.
To assess age-related changes on the auricular surface of the os coxae, the Lovejoy et al.
(1985) method was applied on the skeletal remains as it is found in Standards (Buikstra and
Ubelaker, 1994). This method evaluates age beyond 50 years of age with higher accuracy,
compared to other pelvic methods and was employed in order to assess whether the individual
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may in fact be older (White and Folkens, 2005). This method looks at changes in the topography
and categorizes the changes into distinct phases with corresponding age range estimations
(Lovejoy et al., 1985). Based on the auricular surface method (Lovejoy et al., 1985), the
individual placed within phase 4, with an estimated age range of 35 to 39 years.
Using the revised auricular surface aging method by Buckberry and Chamberlain (2002),
five different topography characteristics were examined. Compared to the existing Lovejoy et al.
(1985) method, this method has lower levels of interobserver error and was therefore applied to
the case (Buckberry and Chamberlain, 2002). Such features included transverse organization
(Score 4), surface texture (Score 4), microporosity (Score 1), macroporosity (Score 2), and apical
changes (Score 2) (Table 3). These characteristics had a composite score of 13 which placed the
individual in the designated auricular surface stage “V” (Buckberry and Chamberlain, 2002).
This stage gave the mean age of 59.95 years with a standard deviation of 12.95 years (Buckberry
and Chamberlain, 2002). The overall estimated age range for the individual given these results is
between 47 years to 73 years of age (Table 3).

Table 3: Revised Auricular Surface Aging Method per Buckberry and Chamberlain (2002).
Auricular Surface Characteristics

Score

Transverse Organization
Surface Texture
Microporosity
Macroporosity
Apical Changes

4
4
1
2
2

Composite Score:

13

13

Auricular Surface Stage:
Mean Age:
Standard Deviation:

V
59.94
12.95

Age Estimation:

47 – 73 years

Sternal Rib End
The Işcan and Loth (1986) method for evaluating the sternal rib end on the fourth rib was
applied in order to determine an age estimation for this individual. This method was applied to
the case because age estimations based on the sternal rib end of the fourth rib have been claimed
to be some of the most reliable (Dedouit et al., 2008). Patterns in ossification, form, and shape
were evaluated and classified into phases along with their corresponding age estimations.
However, it is important to note that the phases and associated estimations for age vary
depending on the sex of the individual. Per Dudar (Dudar, 1993), “cautiously” extending the
application of this method to the third rib ends has also been proven reliable in the estimation of
age. Accordingly, analysis of the third rib ends were also conducted and applied for UMFC Case
#141.
Results for estimating age using the sternal rib end of the third and fourth ribs, placed the
individual between phases 5 (31 to 46 years) and 6 (38 to 61 years) which gave an overall age
estimation of 31 to 61 years old (Table 4) (Işcan and Loth, 1986; Dedouit et al., 2008).

Table 4: Aging Sternal Ends of the Third and Fourth Ribs Results per Işcan and Loth (1986).
Sternal Rib Ends
Third Rib
Fourth Rib

Score

Male Age Range

5
6

31 – 46 years
38 – 61 years

Sex Estimation
Sex estimation was determined using various cranial and post cranial analyses. To
evaluate cranial features, morphometric skull assessments (Walker, 2008) and sexually
dimorphic cranial features based on Standards (Buikstra and Ubelaker, 1994) were utilized.
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Additionally, cranial measurements were taken and uploaded onto FORDISC 2.0 software,
which produced a sex estimation using a variety of different global populations (Jantz and &
Ousley, 2005). Furthermore, post cranial assessments for sex included the examination of
sexually dimorphic features of the pelvis (Phenice 1969; White and Folkens, 2005) as well as the
use of a morphometric assessment of the pelvis using the Klales et al. (2012) Linear Regression
Equation. Additionally, post cranial measurements for the sacrum, scapula, clavicle, humerus, os
coxae, femur and the tibia and were entered into FORDISC 2.0 software for further sex
estimation (Jantz and & Ousley, 2005). Lastly, scapula (Dwight, 1894) and sternum (Jit et al.,
1980) measurement analyses were conducted in order to assess sex (Bass, 2005).

Sexually Dimorphic Cranial Features
As a traditional method for sex estimation, the scoring system for sexually dimorphic
cranial features was employed per Standards (Buikstra and Ubelaker, 1994). Cranial features
assessed included the nuchal crest, the mastoid process, the supra-orbital margin, the supraorbital ridge or glabella, and the mental eminence. Based on overall cranial morphology, the
individual of this case is a probable male (Table 5). Male traits include a prominent nuchal crest
(Score 4), an intermediate mastoid process (Score 3), moderate supraorbital margins (Score 3),
intermediate prominence of the glabella (Score 3), and a moderate mental eminence (Score 3).

Table 5: Sexually Dimorphic Cranial Features per Standards (Buikstra and Ubelaker, 1994).
Cranial Features
Nuchal Crest
Mastoid Process
Supra-Orbital Margin
Glabella
Mental Eminence

Score
4
3
3
3
3

Estimated Sex: Probable Male
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Morphometric Skull Assessments
Sex estimations were conducted using the Walker (2008) Logistic Regression Equation.
This technique is similar to that of Standards (Buikstra and Ubelaker, 1994), however, this
method gives a probability and accuracy rate for each sex estimation based on the scores given to
each of the sexually dimorphic cranial features. Due to the additional accuracy of the logistic
regression equation, this method was also applied to the case. Such cranial features included the
nuchal crest (Score 4), mastoid process (Score 3), supraorbital margins (Score 3), glabella (Score
3), and the mental eminence (Score 3), which were all characteristic of a male individual. For
each cranial feature determination, this assessment produced a male estimation with over an 84
percent probability (Figure 1).

Figure 1: Results of Walker (2008) Logistic Regression Equation for Sex Estimation
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Cranial Measurements and FORDISC 2.0
Thirty-four cranial measurements were taken per the methods found in Standards
(Buikstra and Ubelaker, 1994). These cranial measurements were then entered into the
FORDISC 2.0 software (Jantz and & Ousley, 2005) which produced a sex estimation. The sex
estimation is based on the variation found in different populations recorded on the software, and
thus places the individual in both an ancestral and sexual category based on those variations. In
addition, this method generates a posterior probability along with the estimate. FORDISC 2.0
software assigned the individual as a male with a posterior probability of 0.932 and an F
typicality of 0.322 and a chi typicality of 0.299. (Figure 2) (Ousley and Jantz, 2005).

Figure 2: Cranial Measurement Results for Sex and Ancestry Estimations per FORDISC 2.0
(Ousley and Jantz, 2005).

Post Cranial Measurements and FORDISC 2.0
Seventy-eight measurements of eleven post cranial measurements were taken per the
methods found in Standards (Buikstra and Ubelaker, 1994) and used in the assessment of sex for
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the individual. Though, it is important to consider the limitations of this method. The only
population categories available for males for this assessment, were black and white males.
However, post cranial analyses for sex were still conducted on FORDISC 2.0 software to
evaluate whether the individual would still be identified as a male.
Post cranial measurements included in this estimation were that of the clavicle, scapula,
humerus, radius, ulna, sacrum, os coxae, femur, tibia, fibula, and the calcaneus. These post
cranial measurements were then entered into FORDISC 2.0 software for sex estimation
assessments (Figure 3). FORDISC 2.0 assigned the individual as a male with a posterior
probability of 1.00 (Ousley and Jantz, 2005). However, the typicality per this assessment is zero
and the results indicate that the individual is “too dissimilar to all groups.” This may have been
the result of only having the options to compare white and black males with this method.

Figure 3: Post Cranial Measurements for Sex and Ancestry Estimations per FORDISC 2.0
(Ousley and Jantz, 2005).

Sexually Dimorphic Features of the Pelvis
Sexing of the pelvis is based upon the tendencies of females to exhibit a smaller and less
robust sacrum and os coxae in comparison to that of males (White and Folkens, 2005).
Additionally, differences between females and males can be observed in the superior pubic
ramus, the subpubic angle, the preauricular sulcus, and the acetabulum, thus making sex
estimations more accurate (White and Folkens, 2005). The individual expressed more male
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characteristics in the pelvis such as a shorter pubic ramus, a smaller subpubic angle, a defined
but narrow preauricular sulcus, a medium acetabulum, and a narrow greater sciatic notch.
The Phenice (1969) method for sexing the pubic portion of the os coxae was also applied
on the skeletal remains. This method has been considered one of the most reliable methods for
sexing (White and Folkens, 2005). The features assessed on the os coxae included the ventral
arc, the subpubic concavity, and the medial aspect of the ischiopubic ramus. Analyses were
performed on the left os coxa, and the results determined the individual was a male. There was
no ventral arc, no subpubic concavity, and the medial aspect of the ischiopubic ramus was fairly
flat, broad, and blunt (Table 6) (Phenice, 1969; White and Folkens, 2005).
Table 6: Pelvic Characteristics for Sex Estimations per the Phenice (1969) Method
Pelvic Characteristics

Description

Ventral Arc
Subpubic Concavity
Medial Aspect of Ischiopubic Ramus

No
No
Flat, broad, blunt

Estimated Sex:
Probable Male

Pelvic Linear Regression Equation Klales et al. (2012)
Using the morphometric pelvis assessment based off of the Klales et al. (2012) Linear
Regression Equation, further sex estimation was performed using this method as it provides
probability percentages for more accuracy in results (Figure 4). The pelvic features assessed
included the subpubic concavity (Score 4), the medial ischiopubic ramus (Score 5) and the
ventral arc (Score 4). This method requires the scoring of each trait and produces a probability
for each sex accordingly. The features for this individual were all characteristic of a male, and
thus the results reported over a 99 percent probability for a male sex estimation.
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Figure 4: Results of Klales et al. (2012) Logistic Regression Equation for Sex Estimation
Sex Estimations Based on the Scapula and Sternum
Due to the sexual dimorphism between males and females, it is thought that sex
estimations can be accurately conducted using measurements of the scapula and sternum (Bass,
2005). According to Dwight (1894), scapular measurements indicative to sex are the maximum
length of the scapula and the length of the glenoid fossa (Bass, 2005). Per this method, males
will have measurements greater than 160 mm for the scapular length and measurements greater
than 37 mm for the glenoid fossa length (Dwight, 1894; Bass, 2005). This individual measured at
151.25 mm for the scapular length and 37.80 mm for the glenoid fossa. These results are
suggestive of a male individual.
Moreover, Jit et al. (1980) suggest that measurements of the sternum are also indicative
of sexual dimorphism. To evaluate sex, this method uses measurements including the length of
the manubrium and mesosternum. (Jit et al., 1980; Bass, 2005). According to this method, males
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will have a combined length of both the manubrium and mesosternum greater than 140 mm. This
individual demonstrated a total length of 144.64 mm, which was consistent with that of a male.

Ancestry Estimation
Ancestry estimations based on the crania have been proven to be more significantly
reliable than analyses conducted on post cranial elements. Although highly debatable, analyses
of the post cranial elements were applied for this case to only supplement the numerous ancestral
methods using the crania. Such cranial methods employed in order to estimate ancestry included
non-metric ancestry traits and cranial measurements with FORDISC 2.0 software.

Non-Metric Ancestry Traits
Ancestry estimations were conducted using non-metric ancestry traits based off of the
Rhine (1990) and Gill (1986; 1995) methods (Figure 5). These methods provide a general
foundation for identifying distinctive features. However, they do have their limitations as they
are not all-inclusive of other populations such as Asian. This method was still employed in order
to rule out other categories and to see whether the individual fell into any particular category.
Per these methods, the individual is likely of European ancestry, but exhibits a
combination of both European and Native American traits. The European traits include very
limited prognathism, a parabolic palate, a square, bilateral and projecting chin, a straight nasal
profile, highly arched nasals, a curved zygomaticomaxillary suture, crowded dentition, a high
cranial vault and the presence of an inion hook. In tandem with this, Native American traits
include shovel shaped incisors, robust and flaring zygomatics, complex cranial sutures, a
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medium and tilted nasal spine, wide and vertical ascending ramus, a straight palatine suture, and
the presence of a zygomatic tubercle.
However, because these methods lack inclusivity, this method cannot be deemed as
reliable as other ancestry methods applied to this case. Asian individuals may exhibit similarities
to both European and Native American populations due to their geographical location and
population history, therefore this individual may bear a resemblance to both populations.

Figure 5: Nonmetric Ancestry Traits Based on the Rhine (1990) and Gill (1986) Methods.
Derived The Human Bone Manual

Cranial Measurements and FORDISC 2.0
Estimations on ancestry are produced by FORDISC 2.0 when cranial measurements are
entered into the software. This method uses both historical and modern populations such as the
University of Tennessee’s Forensic Database and the W.W. Howell’s cranial database to produce
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ancestry estimations. This method also provides a posterior probability along with its estimation.
Cranial measurements were entered into the software and FORDISC 2.0 assigned the individual
as a white male (Figure 2) (Ousley and Jantz, 2005). The results did not indicate this individual
to have any similarity with Chinese males as the posterior probability as a Chinese male was
0.00. This result was not expected; therefore, more analyses were rendered in order to further
assess ancestry.

Hefner (2009) Method Software
Ancestry estimations were conducted using the Hefner (2009) method software for
estimating ancestry based on cranial non-metrics. This method was employed due to its ability to
calculate a probability for ancestry per the scoring of each cranial non-metric trait. Traits
analyzed by this method include: the anterior nasal spine (Score 1), the inferior nasal aperture
(Score 2), the interorbital breadth (Score 2), the malar tubercle (Score 2), the nasal aperture
width (Score 2), the nasal bone contour (Score 3), the nasal overgrowth (Score 0), the presence
or absence of a post-bregmatic depression (Score 0), the supranasal suture (Score 2), the
transverse palatine suture (Score 1), and the zygoticomaxillary suture (Score 2) (Figure 6). This
assessment classified the individual as having a 50.23% chance of being Native American and a
44.56 % chance of being Asian (Figure 7). Due to the similarities in traits for these two
populations, this assessment was considered reliable.
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Figure 6: Cranial Non-Metric Ancestry Scores per Hefner (2009)

Figure 7: Cranial Non-Metric Ancestry Estimation Results per Hefner (2009)

Stature Estimation
The Trotter (1970) Method
The Trotter (1970) method was employed in order to estimate stature on the various long
bones of the individual including the humerus, radius, ulna, femur and tibia. The equations for
stature using this method are contingent on the ancestry and sex identification of the individual
(Figure 8). Ancestries included in the analyses of this method include European American males
and females, Black males and females, East Asian males and Mexican males. Therefore, utilizing
this method provided a more population specific assessment for the stature of this individual.
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Figure 8: Trotter (1970) Stature Estimation Method Derived from The Human Bone Manual
Per the Trotter (1970) method, stature estimations for this individual are most likely
between 5 foot 4 inches and 5 foot 3 inches. This was determined using the maximum length of
the left humerus, radius, ulna, and femur (Table 7). Estimation utilizing the tibiae and the fibulae
were not conducted as they exhibited antemortem trauma in the form of misaligned healed
fractures which would distort any attempted stature estimations from the bones.

Table 7: Results of Trotter (1970) Stature Estimation Method for East Asian Males
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The Duyar et al. (2005) Method
Stature estimations using the Duyar et al. (2005) method accounts for individuals at
height extremes. This method provides regression formulae for stature groups within a
population such as those for short, medium and tall groups (Duyar et al., 2005). Maximum length
measurements for the ulna and tibia are applied in the formula to predict stature. Per calculations
using the ulna, this method estimated the individual to be approximately 5 foot 1 inch in stature
(Table 8). However, due to the physical condition of the tibae, tibial measurements were not used
to estimate stature with this method.

Table 8: Results for Duyar et al. (2005) Ulna Short Regression Equation
Ulna Short Stature Group Regression Equation
Stature = 1313.48 + 1.133 (ULNA)
Stature = 1313.48 + 1.133 (232.5 mm)
Stature = 1313.48 + 263.42 mm
Stature = 1576. 90 mm à 157.69 cm

à 62.08 in à 5 ft 1 in

Trauma
Antemortem Trauma
The individual endured oblique fractures to the midshafts of the left and right tibiae and
fibulae during life (Photo 1 and Photo 2). (Mann and Hunt, 2005; Lovell and Grauer, 2019). Due
to the misaligned healing pattern of the lower limbs, the injuries may have been displaced
fractures (Mann and Hunt, 2005). The eighth through tenth right sided ribs also indicate signs of
fracturing along the midshafts (Photo 3). Likewise, the fractured ribs demonstrate evidence of
healing. It is suspected that adequate medical attention may have never been rendered to the
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individual in order for the bone fractures to heal properly, especially due to the fact that the
lower limbs healed in a misaligned manner.

Postmortem Trauma
Postmortem damage to the human remains as a result of taphonomic processes can be
observed across all cranial and post cranial elements. The skull contains ten small perforations
that appear to have been the result of taphonomy. This postmortem taphonomic damage is
observed on the maxilla, left sphenoid, left temporal, right frontal, right sphenoid, and right
temporal bones (Photos 6 through 8). Damaged dentition includes the maxillary left first and
second incisors, the maxillary first premolar, in addition to the mandibular left first incisor
(Photo 9 and Photo 10). In association with the remains, a tooth chip fragment was found in a
Ziploc bag. Furthermore, wear and tear due to handling can be observed on both the right and
left os coxae, as thinning is present along the illium. Additionally, postmortem damage to the left
scapula and a series of the left-sided ribs is observed and have thus been previously glued
together for collection purposes.

Pathology
Skull
The individual shows signs of cribra orbitalia (Photo 11), a pathological condition
defined as “circumscribed areas of pitting and porosity” observed in the superior orbital plates
(Walker et al., 2009). Evaluation of the lesions were based off of the Stuart-Macadam (1992)
grading system for cribra orbitalia (Table 9). The left orbit was assigned a score of two
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indicating the presence of “scattered fine foramina.” The right orbit was appointed a score of one
as “capillary like impressions on the bone” were detected.
Table 9: Cribra Orbitalia Grading Scale per Stuart-Macadam (1992).

0
1
2
3
4
5

Cribra Orbitalia Grading Scale
Normal bone surface
Capillary like impressions on the bone
Scattered fine foramina
Large and small isolated foramina
Foramina have linked into a trabecular structure
Outgrowth in trabecular form from the outer table surface

Dentition
The individual was inflicted by numerous carious lesions. Affected dentition include the
maxillary left second molar, the left third molar, and the right second molar, followed by the
mandibular left first molar and the right second molar. Additionally, various perforations
observed across the maxilla are suggestive of possible periapical abscesses. However, it is likely
that the perforations are possibly the result of taphonomic processes.

Manubrium and Sternum
The manubrium demonstrates ossification of the costal cartilage attaching to the first
right rib, while the xiphoid process shows ossification and an elongated fork-like end (Photo 12).

Clavicles and Scapulae
The clavicles display slight osteophytes along the medial rounded ends, while the
scapulae demonstrate marginal osteophytes of the glenoid fossa (Photos 13 through 15).
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Vertebrae
The vertebrae of this individual show signs of degenerative joint disease (DJD), also
known as osteoarthritis, due to evidence of macroporosity and osteophytes that are observed
across all vertebrae. Vertebrae displaying moderate to severe osteophytes include the tenth
through the twelfth thoracic, in addition to the first through the fifth lumbar vertebrae (Photo 16).
Furthermore, the left inferior articular facet of the third cervical vertebrae and the left superior
articulate facet of the fourth cervical vertebrae are flat and pinched (Photo 17). Moreover, the
twelfth thoracic vertebrae and the first lumbar vertebrae are fused and exhibit severe osteophytes
(Photo 18). The fusion of these vertebrae is possibly the result of a condition called spondylosis,
which is the degeneration of the joints between the vertebrae (Mann and Hunt, 2005).

Sacrum and Os Coxae
The sacrum exhibits slight marginal osteophytes along the sacral and the median sacral
base (Photo 19). Furthermore, both os coxae demonstrate additional osteophytic activity along
the ilium and ischium (Photo 20).

Humeri
The right humerus exhibits a bony projection above the medial epicondyle (Photo 21).
This feature is an anatomical variant found in less than one percent of the human population,
known as a supratrochlear or suptracondylar spur (Mann and Hunt, 2005).
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Femora
The presence of marginal osteophytes along the border of the articular surface of the
femoral condyles are signs indicative for osteoarthritis (Photo 22). Furthermore, surface
osteophytes, elevated and secluded bony growths, are detected along the articular surface (Mann
and Hunt, 2005). In addition, surface porosity expressed as small to large pits in the articular
surface, are also observed on the femora (Mann and Hunt, 2005). Conclusively, the individual
displays evidence of eburnation to the distal ends of the femur (Photo 23). Eburnation is a
degenerative process of bone commonly found along with osteoarthritis (Mann and Hunt, 2005).
The condition of eburnation is defined as “an ivory-like reaction of bone at the site of cartilage
erosion” and often has a yellow, smooth, and polished appearance (Mann and Hunt, 2005: 158).
This characteristic is uncommon and is often associated with the elderly (Mann and Hunt, 2005).

Tibiae
The tibiae similarly exhibit indications for eburnation to the proximate ends, in alignment
to the eburnation found on the distal ends of the femora (Photo 23). Additionally, surface and
marginal osteophytes are found in both bones, particularly to the right tibia. Above all, the tibiae
present signs of periostitis, a chronic inflammation stimulus as a result from direct trauma (Photo
4) (Mann and Hunt, 2005). The injuries the individual endured to the lower limbs, most likely
caused the hematoma, a localized bleeding outside of blood vessels, to lift the periosteum, a
dense layer of connective tissue, from the bone (Mann and Hunt, 2005). This in response, caused
the stimulation of new bone deposition (Mann and Hunt, 2005). The nature and pattern of the
periostitis suggests it was likely still active and had not completely healed at the time of death.
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Fibulae
The fibulae demonstrate signs of osteophytic activity, fracturing and in response to such
injuries, the bones also express indications for periostitis (Photo 2). In addition, deformities to
the proximal end of the fibulae are observed. Such defects are possibly a result of the
osteoarthritis and due to the development of osteophytes concentrated in that the area.

Final Conclusions
The human skeletal remain of UMFC Case #141 are consistent with that of an adult male
of probable Asian ancestry, with a likely stature between 4 foot 4 inches and 5 foot 3 inches and
an overall age range estimation of 30 to 50 years at the time of death.
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Appendix A: Skeletal Remain Photographs

Photo 1: Left and Right Tibiae

Photo 2: Left and Right Fibulae
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Photo 3: Left and Right Ribs

Photo 4: Periostitis on the Right Tibia
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Photo 5: Periostitis on the Right Fibula

Photo 6: Cranium and Mandible
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Photo 7: Right Side of Cranium

Photo 8: Left Side of Cranium
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Photo 9: Maxillary Dentition

Photo 10: Mandibular Dentition
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Photo 11: Cribra Orbitalia on the Left Orbit

Photo 12: Manubrium and Sternum
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Photo 13: Clavicles

Photo 14: Scapulae
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Photo 15: Marginal Osteophytes of the Glenoid Fossa

Photo 16: Tenth Thoracic Through Fifth Lumbar Vertebrae
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Photo 17: Pinching of Left Articular Facets of the Third and Fourth Cervical Vertebrae

Photo 18: Fusion of the Twelfth Thoracic and the First Lumbar Vertebrae
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Photo 19: The Sacrum

Photo 20: Left and Right Os Coxae
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Photo 21: Left and Right Humeri

Photo 22: Left and Right Femora
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Photo 23: Eburnation on the Right Femur

Photo 24: Eburnation on the Right Tibia
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Appendix B: Cranial and Post Cranial Measurements
Cranial Measurements
1. Max. Cranial Length: 187mm
2. Max. Cranial Breadth: 115mm
3. Byzygomatic Diam.: 123mm
4. Basion Bregma Height: 139mm
5. Cranial Base Length: 104mm
6. Basion-Prosthion Length: 96mm
7. Maxillo-Alveolar Breadth: 67mm
8. Maxillo-Alveolar Length: 57mm
9. Biauricular Breadth: 123mm
10. Upper Facial Height: 70mm
11. Min. Frontal Breadth: 93mm
12. Upper Facial Breadth: 98mm
13. Nasal Height: 54mm
14. Nasal Breadth: 24mm
15. Orbital Breadth: 40mm
16. Orbital Height: 35mm
17. Biorbital Breadth: 93mm
18. Interorbital Breadth: 18mm
19. Frontal Chord: 111mm
20. Parietal Chord: 112mm
21. Occipital Chord: 95mm
22. Foramen Magnum Length: 38mm
23. Foramen Magnum Breadth: 33mm
24. Mastoid Length: 37mm
25. Chin Height: 32mm
26. Mandibular Body Height: 31mm
27. Mandibular Body Breadth: 18mm
28. Bigonial Width: 81mm
29. Bicondylar Breadth: 111mm
30. Min. Ramus Breadth: 32mm
31. Max. Ramus Breadth: 49mm
32. Max. Ramus Height: 72mm
33. Mandibular Length: 87mm
34. Mandibular Angle: 36mm
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Postcranial Measurements
35. Clavicle Max. Length: 125mm
36. Clavicle Ant.-Post. Midshaft Diam.: 11mm
37. Clavicle Sup.-Inf. Midshaft Diam.: 11mm
38. Scapula Height: 151mm
39. Scapula Breadth: 101mm
40. Humerus Max. Length: 273mm
41. Humerus Epicondylar Breadth: 49mm
42. Humerus Vert. Diam. of Head: 45mm
43. Humerus Max. Midshaft Diam.: 23mm
44. Humerus Min. Midshaft Diam.: 18mm
45. Radius Max. Length: 210mm
46. Radius Ant.-Post. Midshaft Diam.: 11mm
47. Radius Med.-Lat. Midshaft Diam.: 13mm
48. Ulna Max. Length: 233mm
49. Ulna Ant.-Post. Diam.: 15mm
50. Ulna Med.-Lat. Diam.: 12mm
51. Ulna Physiological Length: 213mm
52. Ulna Min. Circ.: 40mm
53. Sacrum Ant. Length: 119mm
54. Sacrum Ant.-Sup. Breadth: 87mm
55. Sacrum Base Max. Trans. Diam.: 50mm
56. Os Coxae Height: 187mm
57. Os Coxae Iliac Breadth: 139mm
58. Os Coxae Pubic Length: 60mm
59. Os Coxae Ischium Length: 67mm
60. Femur Max Length: 387mm
61. Femur Bicondylar Length: 388mm
62. Femur Epicondylar Breadth: 69mm
63. Femur Max. Diam. Of Femoral Head: 45mm
64. Femur Ant.-Post. Subtrchanteric Diam.: 45mm
65. Femur Med.-Lat. Subtrochanteric Diam.: 29mm
66. Femur Ant.-Post. Midshaft Diam.: 26mm
67. Femur Med.-Lat. Midshaft Diam.: 25mm
68. Femur Midshaft Circ.: 80mm
69. Tibia Length: 323mm
70. Tibia Max. Prox. Epiphyseal Breadth: 63mm
71. Tibia Max. Dist. Epiphyseal Breadth: 37mm
72. Tibia Max. Diam. at Nutrient Foramen: 26mm
73. Tibia Med.-Lat. Diam. at Nutrient Foramen: 33mm
74. Tibia Circ. at Nutrient Foramen: 90mm
75. Fibula Max. Length: 311mm
76. Fibula Max. Diam. at Midshaft: 16mm
77. Calcaneus Max. Length: 76mm
78. Calcaneus Middle Breadth: 44mm
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